Irritable bowel , syndrome (IBS) is a disease characterized by increased intestinal movement with abdominal pain and changes in bowel habit (either diarrhea or constipation), the clinical expression of which seems to be easily influenced by mental factors such as stress or emotion. To clarify the relationship between intestinal movement and mental activity, we studied the effect of electrical stimulation of subcortical nuclei, especially the limbic system, on intestinal movement. We used the balloon method on the ascending colon of rabbits. Acceleration of intestinal movement was found with 3 Hz stimulation to the corti-
Introduction
Of the various complaints encountered in general practice, both constipation and diarrhea are very common. However, the pathophysiology of these conditions is complicated. Etiologically, organic abnormalities such as tumor or inflammatory constriction are sometimes present, while motor dysfunction of the gastrointestinal tract such as irritable bowel syndrome (IBS), which is being reported increasingly frequently, is found in some cases.
It has been established that gastrointestinal motility is very sensitive to stress stimulation. In was revealed that the emotional state was strongly related with the limbic system. 4 5) In the present study using rabbits, we recorded the changes in intestinal movement caused by the electrical stimulation of the following subcortical nuclei: amygdaloid nucleus (AMYG), cortex pyriformis (CPY), hippocampus (HPC), septal nucleus (SPM), caudate nucleus (CAU), putamen (PUT), and globus pallidus (GP). The former four nuclei belong to the limbic system, and the latter three to the basal ganglia. AMYG was further divided into two subdivisions: corticomedial division (c-AMYG) and basolateral division (b-AMYG). We also recorded the stimulus-induced changes in the cortical and hippocampal electro-encephalogram (EEG) and electromyogram (EMG) of the fore-and hindlimbs. Thus the follwing experiments were performed to elucidate the relationship between the central nervous system and intestinal movement, especially the relationship between the limbic system and IBS.
Materials and Methods 1) Materials
Rabbits weighting between 1.6 to 2.3 kg each were used. Each rabbit was deprived of food from the day before the experiment. We used 5-9 rabbits for the same experiment as a group.
2) Preparation After tracheostomy and cannulation, each rabbit was mounted in the prone position on a stereotaxic apparatus (Todai-Noken).6) The head was securely fixed so that the bregma was located 1.5 mm above the lambda. Both sides of the skull were drilled to make a hole about 10 mm in diameter. According to the brain atlas of Urban et al.7) depth electrodes were inserted through the hole into certain brain structures such as the limbic system and the basal ganglia. These depth electrodes were Cashewinsulated bipolar stainless steel electrodes 250 /4 in diameter, which were used for either stimulation or recording.
3) Electrical stimulation of brain structures Electrical stimulation was applied to several structures in the right side of the brain. Pulses of 1 msec in duration were delivered at a rate of 3, 8 or 100 Hz by an electronic stimulator (Nihon Koden, SEN-3101), and a train of pulses was presented through depth electrodes for 10 sec. The intensity of each stimulation ranged from 0.5 to 6.0 V. The sites of stimulation were verified by preparing tissue specimens after the experiment.
4) EEG and EMG recordings
The hippocampal EEG was recorded with bipolar depth electrodes from the contralateral side of the stimulation. For cortical EEG, two disk electrodes, each 10 mm in diameter, were secured symmetrically on both sides of the skull at the site rostral to the coronal suture. A circular disk electrode on an earlobe served as a ground.
The evoked muscular discharge was derived from both the forelimb flexor and hindlimb extensor muscles. Two disk electrodes of the same shape as the cortical electrodes were attached for bipolar derivation at a distance of about 1 cm. Both EEG and EMG were amplified by an electroencephalograph (Nihon Koden, ME-95D). The time constants for EEG and EMG were 0.3 sec and 0.05 sec respectively, and the high cut filter was 60 Hz and OFF, respectively. 5) Recording of intestinal movement For the recording of intestinal movement, the balloon method was employed. First, the right abdominal area was extensively shaved and a longitudinal incision of about 4-5 cm was made. The ascending colon was exposed out of the incision and ligated at a position about 20 cm anal to the cecum. Then a small incision was made in the ascending colon about 3 cm caudal to the ligation and the intestinal contents in the region between the sites of ligation and incision were thoroughly removed.
A balloon was inserted from the incision down to the site of ligation, and the rubber tube connected to the balloon was ligated together with the caudal part of the ascending colon. The distance between the two ligated sites was kept at about 1.5 cm. The balloon, made of thin rubber film, was inflated by supplying a certain quantity of air from the rubber tube connected to the balloon so as to obtain an internal pressure of 20-30 mmHg, with the internal pressure of the balloon changing in response to the movement of this segment of the mutation, continuing for about 25 -60 seconds. 
Effect of Vagotomy
After the bilateral vagus nerves were cut in five rabbits, the same experiment was performed. The site of electrical stimulation was c-AMYG, CPY or CAU. Fig. 3 shows the changes in intestinal movement in the same manner as in Fig. 2 . The data were compared with those of a group not subjected to vagotomy. With 3 Hz stimulation to c-AMYG, CPY and 100 Hz stimulation to CAU, the acceleration effect, which was found when vagotomy was not performed, almost disappeared in the vagotomy group. On the other hand, the inhibitory effect, which was seen with 100 Hz stimulation to c-AMYG and 3 Hz stimulation to CAU in the nonvagotomy group, persisted in the vagotomy group.
Effect of Adrenalectomy
The effect of adrenalectomy on the inhibition of intestinal movement was examined. In five rabbits the same experiment was performed after adrenalectomy. Fig. 4 shows the changes in intestinal movement in the same manner as in Fig. 2 was c-AMYG or CAU. Acceleration and inhibitory effects were also recognized after adrenalectomy in the same way as in the group not undergoing adrenalectomy. However, with 100 Hz stimulation to c-AMYG, the inhibitory effect of the adrenalectomized group (-15.3 ± 4.7%) was less marked than that of the non-adrenalectomized group (-32.2 ± 16.0%).
Effect of Propranolol Administration
After propranolol (0.3mg/kg) was administered to five rabbits, the same experiment was performed. Fig. 5-(a) shows the changes in intestinal movement in the same manner as in Fig. 2 . The site of stimulation was c-AMYG or CAU. The inhibitory effect seen in the control group almost disappeared in the group administered propranolol.
Effect of Splanchnicotomy
After bilateral splanchnicotomy in five rabbits the same experiment was performed. The site of stimulation was c-AMYG. Fig. 5-(b) shows the changes in intestinal movement in the same manner as in Fig. 2 . The inhibitory effect seen in the control group with 100 H2 stimulation disappeared in the splanchnicotomized group. 8. Histological examination Fig. 6 shows the sites of stimulation (black circles) in c-AMYG, b-AMYG, CPY and CAU, which were confirmed histologically after completion of the experiments.
Discussion
The irritable bowel syndrome (IBS) is a functional disease of the gastrointestinal system. Despite complaints such as constipation, diarrhea or abdominal discomfort, it occurs in the absence of The basal ganglia were also subjected to the same experiment. Studies on GP, PUT and CAU tomy, the accelerating effect of CAU, c-AMYG and CPY totally disappeared while the inhibitory effect persisted. Hence, it was clear that the acceleration of intestinal movement is mediated through the vagus nerve. The promotion of intestinal movement is considered to be the main feature of IBS, and has been shown to be due to the tonic effect of the parasympathetic nerves. Our results are consistent with this explanation. On the other hand, both the injection of propranolol, which is a /9-receptor blocking agent, and splanchnicotomy suppressed the inhibitory effect of c-AMYG and CAU on intestinal movement, while the promotive effect remained, demonstrating that the inhibitory impulses are mediated through the visceral nerves. Moreover, the effects of propranolol show that the role of the fl-receptor is dominant in the regulation of the ascending colon.
In the present study, electrical stimulation was applied to only one specific site at a time. Physiologically, it is hard to suppose that a certain emotion, such as fear, anger, or anxiety, would effect only a specific portion of the limbic system, and more natural to consider that the effect would spread throughout the limbic system. For example, in AMYG which is said to be the site most vulnerable to emotional changes, stimulation propagates to both c-and b-AMYG. With 3 Hz stimulation, the balance of both promotive effect by c-AMYG and inhibitory effect by b-AMYG would determine the actual change in intestinal movement. Contradictory phenomena may appear in different individuals due to different balances of these two effects.
Paying special attention to the promotion of intestinal movement which is the main feature of IBS, clinical symptoms seem to develop when the promotion exceeds a certain limit. The pathogenesis of this condition depends on complicated relationships between the digestive hormones, the tonus of the autonomic nervous system and some other factors. The present experiment showed that even the stimulation of the central nervous system alone can produce a marked increase in intestinal movement depending on the site stimulated. There is no doubt that IBS is also closely related to the central nervous system. An outline of the present results was reported at the 30th and 31st International Congress of Physiological Sciences, at the 18th Japanese Congress of EEG and EMG.
